




Proton Dr iver  Vacuum Chamber  
Design Constraints

Mechanical Stability Under Vacuum

Vacuum Outgassing and Leak Rates

Temperature Limitations / Eddy Current 
Heating

Material Magnetization 

Eddy Current Induced Field Error

Lorentz Pressure

Resistive Wall Instability



Fiber  Reinforced Epoxy Composite

Inconel foil and epoxy impregnated Silicon 
Carbide filament are wound on a tubular form, 
and autoclave cured.

Permits very thin shielding, reducing eddy current

6m long tube manufacturable in one piece

Uncertain outgassing and leak rates

Uncertain radiation and thermal durability

Less stiff but more strong than ceramic



Very Thin Rib Reinforced Tube

0.13mm Inconel tube with 1mm thick Inconel 
ribs brazed to outside, ~50 ribs per meter

Very thin tube wall limits eddy current

Strength is adjustable via rib spacing

Thin materials complicate brazing operation

Fragile

Simulation suggests overheating inside dipole unless 
forced cooling is employed



Water−Cooled Tube

1.27mm thick Inconel tube surrounded by 
cooling tubes embedded in thermally 
conductive epoxy

Significant eddy currents and resultant heating

Very low vacuum leak and outgassing rates 
achievable

Radiation and thermal durability of epoxy bond is 
uncertain

Complicated assembly −under preload, or inside 
magnet







Inconel Foil Lined

Silicon Carbide Fiber Reinforced

Aluminum Nitride Filled Epoxy Tube

12.7 micrometer Inconel Foil

Helically Wound, 50% Overlap

Epoxied to Itself

Silicon Carbide Fiber

Impregnated with Thermally

Autoclave Cured

Conductive Epoxy
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Aluminum Nitride Filled Epoxy

Reinforced with Silicon Carbide Fiber

3mm Wall

Vacuum Stress and Displacement

Pascal

Quasi-Isotropic Reinforcement

Tensile Strength ~577MPa

Unidirectional Reinforcement

Reinforced AxisTensile Strength ~1GPa

Transverse Tensile Strength ~100MPa

Deformation 5.7mm on

Semi-Minor Axis
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Aluminum Nitride Filled Epoxy

Reinforced with Silicon Carbide Fiber

Lined with 10 micron Inconel Foil

3mm Wall Thickness

Thermal Conductivity 1 W/m*K

180 W/m Eddy Current Dissipation

Plus 20 W/m Beam Image Dissipation

Distributed as X^2

Convection Constrained by

Confined Space Inside Core

Note- Epoxy Service Temperature < 477K



Rib-reenforced, Very Thin Metallic Beam Pipe - Concept

1mm Thick, Die-cut Ribs

Ribs Brazed to Tube

50 ribs / meter (2 cm spacing)

5 mil (0.13mm) Inconel 718 Tube, 9" by 5" Elliptical
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0.13mm Rib-Reinforced Inconel Tube

50 Ribs/meter

Maximum Displacement 0.7 mm

on Semi-Minor Axis

Note-The Maximum Stress in the Brazement

is ~ 300MPa.  The Rib Stress of 440MPa

is 40% of Inconel Yield Strength.
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0.13mm Inconel Tube

Reinforced with 50 Ribs/m

Thermal Response

850 W/m (1466 W/m^2) Eddy Current Dissipation

Distributed as X^2

Convection Constrained by

Confined Space in Core

Kelvin



Water-Cooled, Thin Metallic Beam Pipe - Concept

10 mil Kapton Polymer Sheath

Thermally Conductive Epoxy

50 mil Inconel 718 Beam Pipe

PEEK Polymer Insulating Spacer

Copper Cooling Pipe
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Vacuum Stress and Displacement

50 mil (1.27mm) Wall Inconel 718 Tube

Displacement is 2.58cm

on Minor Axis

Safety Factor is 2

on Inconel Yield Strength

Pascal
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8.5kW/m Eddy Current Dissipation

(4.25kW in half model)

Distributed as X^2

2m/s Coolant Flow

1/4" ID Copper Tube

1.34 CFM Total Flow

Epoxy Service Temperature < 477K

Model Thermal Response


